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ABSTRACT      
Nutrients are introduced into the waters of the Commonwealth of Pennsylvania through various 
methods, mainly through point and non-point sources. Non-point sources would include 
agricultural means however, there are often other non-point sources that are often overlooked. 
Water runoff from stormwater is an important contributor to pollution entering various 
watersheds. Data was collected at 4 locations (the initial point of reference, residential, urban, 
and industrial) on Mill Run and 2 locations on Woodcock Creek, through surface water 
collection methods in dry and wet weather.  Nitrate, Nitrite, Total Phosphorus, and Total 
Nitrogen were among the data collected. Total Phosphorus had an increasing trend in 
concentration as the study progressed. Nitrate, Nitrite and Total Nitrogen showed no increasing 
trends. Location 3 (Urban Zone) produced the largest increase in Total Phosphorus. Weather 
conditions played a role in higher Nitrate concentrations while warm water produced higher 
Nitrite concentrations. 
 
Keywords: Total Phosphorus, Total Nitrogen, Nitrate, Nitrite, Stormwater, Water Quality 
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INTRODUCTION  
Article I Section 27 of the Pennsylvania constitution states: The people have a right to 
clean air, pure water, and to the preservation of the natural, scenic, historic and esthetic values of 
the environment (Art.I, §27).  Commonwealth Courts interpret §27 as a statement of public trust 
in state government to protect natural resources for the use and enjoyment of all Pennsylvanians.  
Since its adoption in the 1770s, much has changed.  New technologies and waste streams from, 
for example, manufacturing, sewage treatment, stormwater runoff, and the population growth, 
resulted in a steady stream of ever-evolving pollutants entering Pennsylvania’s waterways.   
The Commonwealth of Pennsylvania, Pennsylvania Code under Title 25 defines a 
pollutant as “a contaminant or other alteration of the physical, chemical or biological properties 
of surface water which causes or had the potential to cause pollution as define in section 1 of the 
act (35 P.S. § 691.1).” Nationally, the Federal government reports more than 100,000 miles of 
rivers and streams, close to 2.5 million acres of lakes, reservoirs and ponds, and more than 800 
square miles of bays and estuaries in the United States have poor water quality because of 
nitrogen and phosphorus pollution (USEPA). In Pennsylvania, there are approximately 86,000 
miles of streams and rivers. Twenty percent, or 17,104 are considered impaired and 15 percent of 
the impaired streams and rivers are due to nutrients (2016 Pennsylvania Integrated Water Quality 
Monitoring and Assessment Report-Streams, Category 5 Waterbodies, Pollutants Requiring a 
TMDL). 
Laws, such as the Clean Water Act and the Clean Streams Law, have been enacted to 
address the issue, however, nutrient pollution remains a problem. The Federal Clean Water Act, 
originally named the Federal Water Pollution Control Act of 1948, was amended in 1971and is 
the main law that protects Pennsylvania’s abundant fresh water resources. The Clean Streams 
Law is what sets the framework that is essential for the legal protection to “preserve and improve 
the purity of the waters of the Commonwealth.”  The Clean Streams Law defines “Waters of the 
Commonwealth” to encompass “any and all” water series, which includes rivers, streams, creeks, 
springs, rivulets, lakes, pond, water courses, ditches, as well as “all other bodies or channels or 
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conveyance of surface or underground water, or parts thereof, whether natural or artificial” (Id. 
§691.1).   
Nutrients are one such category of pollutant.  The nutrients, nitrogen and phosphorus are 
necessary to sustain aquatic plant and animal life and are found naturally in small amounts in 
healthy waterways.  Nutrients concentrations above these small amounts, however, alter a 
waterway’s physical, chemical, and biological properties.  Excessive amounts of nutrients from a 
wide-range of human activities fuel algae growth, decreases the amount of dissolved oxygen in 
the water column, causes dead zones in lakes and ponds, and results in eutrophication.  
According to the United States Environmental Protection Agency (“USEPA”), nutrient pollution 
is “one of the most widespread, costly, and challenging environmental problems” (2017).   
According to Smith et al, “We now know that anthropogenic nutrient loading to aquatic 
ecosystems from both point and nonpoint sources typically results in rapid increases in the rate 
of biological production and significant reductions in water column transparency and can create 
a wide range of undesirable water quality changes in freshwater and marine ecosystems” (2006).   
The Commonwealth of Pennsylvania, Pennsylvania Code Title 25 defines a point source 
as a “discernable, confined and discrete conveyance, including, but not limited to, any pipe, 
ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, Concentrated 
Aquatic Animal Production (CAAP), Concentrated Animal Feeding Operations (CAFO), landfill 
leachate collection system, or vessel or other floating craft, from which pollutants are or may be 
discharged .”  A nonpoint source is defined as “a pollutant source that is not a point source” by 
the Commonwealth of Pennsylvania, Pennsylvania Code under Title 25.  
Nutrients that enter the water in excessive amounts often cause detrimental impacts and 
these impacts are likely to increase (Howarth et al. 2002). Some of these impacts include algal 
blooms, which thrive on excess nitrogen and phosphorus.  “Nitrogen(N) is vital to the 
functioning of aquatic ecosystems, yet, can be extremely detrimental in excess” (Craig et al. 
2008).  Algal blooms can eventually lead to anoxic or hypoxic zones, which are areas that lack 
oxygen to some degree. Algal blooms are responsible for large plant and biological die-offs. 
“Eutrophication is the process of change from one trophic state to a higher tropic state by the 
addition of nutrient(s)” (National Resources Management and Environment Department). 
Eutrophication can have many detrimental effects, such as shifts in habitat characteristics due to 
12 
 
the change in plant life, the production of toxins in algae, impediments to navigation, and the 
deoxygenation of water. The U.S. EPA and Carpenter et al state that “eutrophication accounts for 
~50% of the impaired lake area and 60% of the impaired river reaches in the United State” 
(1998). 
Dissolved inorganic nitrogen has the greatest impact on water quality. “There has been a 
two-fold increase in nitrogen to the oceans and more than ten-fold increases in some rivers 
draining industrialized regions” according to the United Nations Educational, Scientific, and 
Cultural Organization (UNESCO) (The Environmental Literacy Council).  “Nutrient enrichment 
causes an intensification of all biological activity and typically leads to dramatic changes in the 
composition and structure of aquatic food webs” (Smith et al. 2006).  It is only recently that 
agricultural runoff has begun to have more scrutiny. Measures taken, through recent laws and 
regulations, have begun the process of controlling and limiting how much enters the water. 
As more rural and forested areas in Pennsylvania are developed, stormwater has become 
a major point of concern. Pavement, asphalt, and cement are all impermeable surfaces, which 
does not allow water to infiltrate the soil. Infiltration slows down the flow of stormwater and also 
serves as a filter, reducing the concentration of pollutants.  
This study examined the impact of land use on nutrient concentrations in Mill Run, which 
is located in the French Creek watershed in northwestern Pennsylvania. 
Mill Run is listed on the 303(d) list of impaired waters under the Federal Clean Water 
Act and is the focus of this study. The headwaters of Mill Run begin at Tamarack Lake and runs 
directly through the city of Meadville, Pennsylvania. It is partially tubed with brief openings in 
each area. 
13 
 
 
Figure 1. Map of Meadville. 
(This map shows the breakdown in land use for the City of Meadville. Collection Sites are noted on this map. Mill 
Run is also shown on this map.) 
 
This study evaluated Phosphorus and Nitrogen concentrations at areas associated with 
different land uses along Mill Run in primarily forested/no human impact, residential, urban and 
industrial areas.  It also examined the impact of water temperature, weather and dissolved 
oxygen levels on nutrient concentrations. 
The hypothesis is that precipitation, land use and time of year play a large part in how 
nutrient concentrations enter Mill Run.  
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METHODS 
Study Sites and Sampling 
 
 The study focused Mill Run located in Crawford County, Pennsylvania. Mill Run has a 
drainage basin of 8.95 square miles. Land use in the Mill Run watershed varies from primarily 
rural and agricultural at the headwaters, to residential areas and the City of Meadville where it is 
primarily tubed, and a small industrial area before discharging to French Creek (see Figure 1). 
The Pennsylvania Department of Environmental Protection (“Department”) added Mill Run to 
the Section 303(d) list of impaired streams in 2012 under the Federal Clean Water Act (33 
U.S.C.A.§ 1313(d)) for organic enrichment, low Dissolved Oxygen, siltation and thermal 
modifications.  There are no point source industrial or municipal discharge to Mill that would 
alter the results of this study. Woodcock Creek has a drainage basin of approximately 45.65 
square miles and was selected for a reference due to its proximity to Mill Run. Both streams 
contain the same rocky substrate, forested areas, and dam impoundments. Tamarack Lake is 
situated on Mill Run while Woodcock Lake is situated on Woodcock Creek. Whiles the sizes and 
land uses are different, both are located within the larger French Creek watershed. Woodcock 
Creek represents a stream with very little change in land use which makes it possible to evaluate 
the impact of land use changes along Mill Run. 
15 
 
 
Figure 2. Impaired Streams of Crawford County 
(This is a map of the streams within Crawford County. The streams in red have been listed as impaired on the 
Pennsylvania Department of Environmental Protection’s 303(d) list. The streams in green are healthy streams.) 
 
 Between January 8, 2018 and July 13, 2018, water samples were collected from four 
locations in Mill Run and one on Woodcock Creek (Figures 3 and 4, and in Appendices A and 
B). Sampling locations were selected based upon the surrounding land use and include the 
headwaters, and areas that are predominately residential, urban, and industrial. The headwater 
samples were used as a starting point before the stream encountered human impacts. Samples 
were collected a minimum of three times a week from five locations to include a wide range of 
weather conditions and water temperatures. Additional samples were collected during storm 
events. Sample collections were started at the first sign of daylight to determine the lowest 
overnight oxygen concentration before photosynthetic oxygen production began. 
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Figure 3. Mill Run Flood Plains 
(This map shows the flood plains for Mill Run from the headworks just above Site collection 1 in the lower right 
corner to where it merges with French Creek past Site Collection 4 on the left.) 
 
Figure 4. Woodcock Creek Flood Plain 
(This map shows the flood plains for Woodcock Creek as it leaves Woodcock Lake dam above Site Collection 5 to 
where it merges with French Creek.) 
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Collection Sites 
 
 Mill Run 
Location 1 (41.635862, -80.133341) was at the headwaters of Mill Run (Figure 5) and 
serves as an indication of background concentrations of nutrients as the area is primarily forested 
with little development. This site is located behind the Meadville Area Recreational Center, 
which is just upstream of the City of Meadville. USGS StreamStats lists Mill Run as 42% 
forested and 30% urban. The channel for this site was approximately 5 feet wide with a rocky 
substrate. The left descending bank was highly vegetated with brush and the right descending 
bank was clear of brush. Depths for this site varied from a few inches deep in low water to over 4 
feet deep in high water conditions. 
 
Figure 5. Location 1 MARC 
   
 
Location 2 (41.645561, -80.148293) was downstream of the residential area, located on 
North Street. This site was designated as Residential. At this location, the stream bottom 
contained a rocky substrate with an average depth of 7 inches and 2-3 feet in high water 
conditions. Approximately 17 feet wide, the right descending bank was steeper than the left. 
Both sides of the stream were vegetated and had obvious erosion. 
Location 1. Pictures taken on 5.14.2018 
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Figure 6. Location 2. Residential 
   
Location 3 (41.638095, -80.155264) was downstream of the urban district.  This location 
was next to the most downstream business in the urban district and is designated as Location 3 
on the map in Appendix A. This location was designated as Urban. Stream characteristics 
included a rocky substrate with the right descending bank side having a deeper pocket of water.  
Water depth on the left side of the stream would range from a few inches in normal conditions to 
3-4 feet in high water conditions. The right side would range from 12-14 inches in normal 
conditions to 4-5 feet in high water conditions. Location 3 was adjacent to the exit point of the 
tubed portion for the city, which collects water from the storm drains. 
 
Figure 7. Location 3. Urban. 
   
Location 3. Pictures taken on 5.14.2018 
Location 2. Pictures taken on 5.14.2018 
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Location 4 (41.63893, -80.160832) was downstream of the industrial area just before the 
stream’s confluence with French Creek. It was designated as Industrial. Cardboard boxes and 
used oil bags from a local restaurant were often found in this location both in the stream and on 
the banks. Due to the slow current velocities at this location, trash often accumulated. At this 
location, Mill Run had a depth of 14 feet from the top of the steep banks to the streambed. This 
area would frequently flood, where the water from Mill Run could not enter French Creek due to 
the large amount of water flowing in French Creek. Depths for this location would range from an 
inch or two to over 13 feet. Because this area was near a bridge, markers were indicated along 
the side walls to indicate depth. The substrate for this area consisted of large bricks with the 
stream being approximately 16 feet in width. 
 
Figure 8. Location 4. Industrial 
  
 
Woodcock Creek 
Location 5 (41.6958847, -80.1135147) located on Woodcock Creek. USGS StreamStats 
lists Woodcock Creek as 56% forested with 2% urban. The fifth collection site is approximately 
½ mile downstream of Woodcock Dam.  Adjacent to the right descending bank was a deep 
pocket of water. In average water conditions, this pocket was approximately 3 feet deep and the 
rest of the stream having a range of 2-5 inches deep. This stream could swell to over 4 feet deep 
Location 4. Picture taken on 5.14.2018 Location 4. Confluence with French Creek. 
Picture taken on 5.14.2018 
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with the pocket becoming 6 feet deep. The substrate consisted of a rocky bottom with a small 
island occurring during average conditions in the stream. 
 
 
Figure 9. Collection Sites 5. Woodcock Creek. 
    
 
Sample Collection  
Grab samples were collected in 500 mL HDPE bottles in accordance with the 
Department’s Bureau of Clean Water Surface Water Collection Protocols. Bottles were rinsed in 
the stream water three times at each site prior to sample collection. Collection was in the middle 
of the stream about halfway between the surface and the substrate. Each sample was immediately 
put on ice for transport to the lab and then immediately put into the refrigerator to maintain low 
temperature for hold times. 
 On-site field measurements included water temperature (°F), pH, Total Dissolved Solids 
(“TDS”), current velocity (ft/sec) and water depth (ft).  To calculate current flow velocity and 
water depth, measurements were taken every foot from left descending bank to right descending 
bank using a Marsh McBirney model 201D flow meter and then used to calculate the overall 
flow of the stream in that location. Amount of rainfall that day was also recorded using the 
measurements taken at the Port Meadville Airport located three miles west of the central 
business district of the City of Meadville. 
Collection Site 5. Picture taken on 5.14.2018 
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Sample Analysis 
 The Standard Methods for the Examination of Water and Wastewater requires the 
samples to be analyzed prior to the following hold times to be considered a viable sample: 
Nitrate and Nitrite within 48 hours and only need to be refrigerated, Total Phosphorus and Total 
Nitrogen can be held up to 28 days with H₂SO₄ fixative, Chlorides must be run within 28 days 
and must be refrigerated, Alkalinity must be tested within 24 hours and be refrigerated and 
Turbidity must be run within 24 hours and refrigerated. 
 Sample analysis for Nitrate, Nitrite, Turbidity, Alkalinity and Chlorides were 
tested within 3 hours of returning to the lab. Total Nitrogen and Total Phosphorus were tested 
within 10 hours of collection time and no fixatives were used due to the short hold time. During 
analysis, a duplicate split sample of one collection site was run. 
Samples were analyzed using a HACH DR 900 colorimeter for Turbidity, Nitrate, Nitrite, 
Total Nitrogen and Total Phosphorus. The Dissolved Oxygen (DO) readings were taken 
immediately at the site along with water temperature using a YSI Dissolved Oxygen meter. 
The Absorptometric Method, Method 8237, was used to determine the sample turbidity in 
FAU (Formazin Attenuation Units) with the Hach DR900 and is adopted from the FWPCA 
Methods for Chemical Analysis of water and wastes, 275(1969).  Alkalinity was determined with 
the LaMotte 4491-DR-01 Model WAT-DR Total Alkalinity Direct Reading Titrator Individual 
Test Kit per manufacturer’s instructions. Nitrate was analyzed using the HACH DR 900 using 
the Cadmium Reduction Method, Method 8039 which is used for water, wastewater, and 
seawater per the manufacturer’s instructions. Nitrite was determined using the HACH DR 900 
and the USEPA Diazotization Method, Method 8507, which is approved by the USEPA for 
wastewater analysis, Federal Register, 44(85), 25505 (May 1, 1979). Total Nitrogen was 
analyzed by first using the HACH DB200 and then analyzing the results on the HACH DR900 
following the Persulfate Digestion Method, which is Method 10071. This follows the ASTM 
Standard Specification for Substitute Wastewater (F 5905-96) and has a total recovery of organic 
material of 95-100%. Total Phosphorus was determined first by the HACH DB200 and then 
analyzing the results on the HACH DR900 using the Molybdovanadate with Acid Persulfate 
Digestion Method, which is Method 10127 and is adopted from Standard Methods for the 
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Data Analysis 
Multiple environmental conditions were measured to test the effects done on nutrients 
and their concentrations during different seasons and during rain events. Water temperature, 
amount of rain, and flow velocity were tested to see whether they had any effect on 
concentrations in nitrogen, phosphorus, nitrate, nitrite, total dissolved solids, and chlorides.  
At the beginning of the study, sampling was more difficult due to the extreme cold 
temperatures that stayed below 0°F for multiple days in a row. This caused locations 2, 3 and 4 
to freeze over frequently. Samples were designated with a N/A for those days with a notation of 
Frozen Over to clarify why samples were not collected. To determine wet weather versus dry 
weather, precipitation accumulation of a half inch or more were determined to be wet weather 
events (Appendix C). 
Throughout the testing phase, 77 samples were collected. Of those 77 samples, 20 were 
collected during snow or rain events with precipitation accumulations of more than 0.25 inches. 
Location 1 and Location 5 had the most samples collected, as neither of these locations froze 
over. Location 2 froze over 5 times, Location 3 froze over 5 times and Location 4 froze over 10 
times. Location 4 was always the first to back up with water during heavy rain events. When 
French Creek would swell and the current speed increased, Location 4 would swell to within a 
foot of capacity. During the heavy rain storm that caused the large snow melt in early January, 
this location flooded its banks and approximately 150-200 feet in all surrounding directions.  
The data was analyzed by Two-Way Repeated ANOVA. The tests were done with 
varying parameters to find the interactions and which had the most impact. As an example, 
nitrogen was run with the temperature and flow variable, then with temperature and rain amount, 
then with all three variables and then finally with just rain and flow. Date was also added as a 
variable. Each of these combinations were tried against each nutrient to understand all the 
environmental impacts and how they interact with each other. 
The ANCOVA analysis was summarized by use of a table. A plus sign would indicate 
that the slope was positive and that as the parameter increased, then so did the nutrient. A 
negative sign would indicate the exact opposite. 
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A Type III ANOVA Summary test was run to test if any of the variables had a significant 
impact. A Type III ANOVA Relationship test was run to test the relationships between each 
variable, such as between Location and Flow or Location and Date, to look for significant 
impacts between each relationship. 
 
RESULTS 
 
Overall Stream Health 
An initial analysis was conducted to show the results of nutrient concentrations were 
distributed over time. Nutrient data results were categorized and compared between wet and dry 
weather periods and also with water temperature. Data analysis and concentrations were 
collected over the length of the stream as it runs through Meadville. A snapshot of each location 
was collected for nutrient concentration analysis. 
 
Figure 10. Warm Water Fishery Standards for DO 
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Figure 10 shows the Dissolved Oxygen levels as the study progressed for each location 
on Mill Run. Locations 1 and 2 dipped briefly below the minimum standard but the stream is 
overall healthy. As the water warmed, the Dissolved Oxygen levels dropped. 
 
 
Figure 11. Alkalinity Standards for a healthy stream 
 Figure 11 shows the distribution of alkalinity for Mill Run throughout the study. A 
healthy stream is categorized as having an alkalinity with a minimum of 20 mg/L according to 
Chapter 93 of the PA Code of Water Quality Standards. There was an early dip in the alkalinity 
concentration however, as the study progressed, the alkalinity concentrations increased. 
 
Nutrient Distributions 
Total Phosphorus and Total Nitrogen were the main focal point of this study. Spikes were 
shown in some of the graphs that are shown on the following pages  
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Water temperature was also analyzed to determine if the differing temperatures had any 
effects on the nutrients at the different locations. Water temperatures were categorized by using 
40°F as the cutoff between cold and warm waters. High, Low, and Mean values for each nutrient 
were determined to filter out patterns in nutrient variation that could occur within the different 
temperatures. 
A Two-Way Repeated Measures ANOVA test was then run on the data.  This checked 
locations after they had repeatedly been subjected to different measures and what the response is 
to them. In this study, water temperature, rain (amount of precipitation) and flow (current 
velocity) were the measures that were subjected to these locations.  Water temperature, rain and 
flow were tested against Nitrate, Nitrite, Total Nitrogen, and Total Phosphorus in different 
combinations. 
 
Total Phosphorus 
 Analyses of Total Phosphorus concentrations in Mill Run followed a tiered approach. 
Tier One examined the overall trends over time. Tier Two evaluated the impact of weather 
conditions, water temperature, seasonal trends, and levels of Dissolved Oxygen (“DO”) on Total 
Phosphorus concentrations. Tier Three looked at the statistical relationships between Total 
Phosphorus concentrations and various water quality and climate parameters. 
 
Tier One: Total Phosphorus Trends Over Time 
  
 Figure 12 depicts the overall results for every sampling event at each location. The mean 
and range for Total Phosphorus concentrations were also calculated (Figure 13). Generally, Total 
Phosphorus concentrations increased from the headwaters to the confluence with French Creek 
with Location 4 representative of industrial area inputs to Mill Run being consistently greater 
than the other locations. Phosphorus concentrations appear to increase from winter to spring. 
While the mean values for all the Mill Run locations were comparable, the range of 
concentrations varied, Location 4 and the Reference location on Woodcock Creek had the 
highest concentrations detected and the greatest range of values. 
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The Figure below show the concentrations of Total Phosphorus at each location on Mill 
Run and Woodcock Creek. Parameters included dry versus wet weather and cold versus warm 
water. The black line is the concentration of Total Phosphorus for Woodcock Creek which serves 
as a reference point for the study. In general, Total Phosphorus concentrations increased from the 
headwaters to the discharge point on French Creek. 
 
Figure 12. Total Phosphorus Concentrations 
 Table 1 shows the Mean and Range for Total Phosphorus over the course of the study at 
each location. Overall, there is a trend of increased Total Phosphorus as Mill Run progressed 
through each location. The ranges also increased for with the exception of Location 2, which had 
a small decrease in range. 
Table 1. Total Phosphorus Concentration Mean & Range 
Total Phosphorus Concentrations (mg/L) 
Location Land Use Mean Range 
Location 1 Mill Run Headwaters 1.36 0-6.8 
Location 2 Residential 1.45 0.1-4.9 
Location 3 Urban 1.44 0-8.5 
Location 4 Industrial 1.65 0-13.4 
Location 5 Woodcock Creek 1.71 0-8.9 
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
01/15/2018 02/15/2018 03/15/2018 04/15/2018 05/15/2018 06/15/2018
C
o
n
ce
n
tr
at
io
n
 m
g/
L
Sample Date
Location 1 Location 2 Location 3 Location 4 Location 5
27 
 
 
Table 2 below shows the slope, Correlation Coefficients, and their significance levels. 
The slopes had significance at Location 1, Location 3 and Location 4. All the slopes were 
positive. Even though the Correlation Coefficients were all around the same approximate 
number, only Locations 1, 3 and 4 showed values under 0.05 in the significance level. 
Table 2. Total Phosphorus Slope and Significance 
Total Phosphorus Overall Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0064 0.2456 73 0.0181* 
Location 2 0.0030 0.1179 69 0.1673 
Location 3 0.0099 0.2970 70 0.0063* 
Location 4 0.0104 0.2339 66 0.0294* 
Location 5 0.0034 0.0854 73 0.2363 
 
Tier Two: Impacts of Weather Conditions, Water Temperatures and Dissolved Oxygen 
 
 Figures 13 and 14 show the distribution of Total Phosphorus in wet versus dry weather. 
Location 5, Woodcock Creek, is designated by the black line. This area is highly forested and 
shows the largest spikes in the wet weather figure. However, the opposite happens during dry 
weather. Locations 3 and 4 produce the largest spikes towards the end of the study in dry 
weather.  
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Figure 13. Total Phosphorus Wet Weather 
 
Figure 14. Total Phosphorus in Dry Weather 
 
 Tables 3 and 4 show the slope, the correlation coefficients and significance levels. 
Locations 1, 2 and 5 all had negative slopes in wet weather while Locations 3 and 4 both had 
positive. In Dry weather, all the slopes were positive. The Correlation Coefficients for Total 
Phosphorus in Dry Weather were highest in Locations 1 and 3, which was also reflected with the 
significance level showing values lower than 0.05. There were no values lower than 0.05 in Wet 
Weather even though Location 4 shows some correlation with the coefficient value being 0.3359. 
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Table 3. Total Phosphorus Dry Weather Slop and Significance 
Total Phosphorus Dry Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0067 0.2768 59 0.0169* 
Location 2 0.0031 0.1311 55 0.1700 
Location 3 0.0073 0.2722 56 0.0212* 
Location 4 0.0052 0.1622 51 0.1277 
Location 5 0.0074 0.1876 59 0.0744 
 
Table 4. Total Phosphorus Wet Weather Slope and Significance 
Total Phosphorus Wet Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0042 0.1269 14 0.3328 
Location 2 -0.0073 0.2466 14 0.1977 
Location 3 0.0144 0.2510 14 0.1933 
Location 4 0.0264 0.3359 14 0.1202 
Location 5 -0.0044 0.1257 14 0.3343 
 
Table 5 is shown below for both wet and dry weather events. There was an increasing 
trend in mean for Total Phosphorus in wet weather. Location 4 had the highest mean and also 
had the highest range. Location 3 followed with the second highest mean and second highest 
range.  
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Table 5. Total Phosphorus in Weather Events 
Total Phosphorus Concentrations (mg/L) in Weather Events 
 Dry Weather 
(≤0.5” Precipitation) 
Wet Weather 
(≥0.5” Precipitation) 
Area Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 1.21 0-6.8 2.02  0.6-5.6  
Location 2 Residential 1.29 0.1-4.8  2.08  0.6-4.9  
Location 3 Urban 1.23 0-6.3 2.29  0.6-8.5  
Location 4 Industrial 1.46  0-5.4 2.39 0.4-13.4  
Location 5 Woodcock Creek 1.83  0-8.9  1.23 0.2-5.7 
 
 Figures 15 and 16, shown below, show the distributions among the differing locations on 
Mill Run and Woodcock Creek. The black line identifies Woodcock Creek as the comparison 
stream. Total Phosphorus in cold warm did not produce large concentration spikes, whereas, in 
warm water, large spikes were produced, especially in Location 4 towards the end of the study. 
Concentrations varied greatly from mid-March until the end of the study in July.  
 
Figure 15. Total Phosphorus in Cold Water 
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Figure 16. Total Phosphorus in Warm Water 
 
Table 6 shows cold water slope and significance. All the slopes were positive. Location 1 
and 5 had significant changes in concentration levels. Table 7 represents warm water. Here, 
Locations 1 and 5 both had negative slopes while Locations 2-4 were all positive slopes. 
Locations 3 and 5 had higher correlation values in Cold Water and this is also reflected with 
values under 0.05 in the significance levels. Warm water shows only Location 5 having a higher 
correlation value. Even though the values show significance, correlation between warm water is 
still relatively low as the coefficient value is close to 0 than to 1. 
 
Table 6. Total Phosphorus Cold Water Slope and Significance 
Total Phosphorus Cold Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0104 0.3913 23 0.0324* 
Location 2 0.0020 0.0480 19 0.4226 
Location 3 0.0068 0.1766 20 0.2282 
Location 4 0.0120 0.3068 15 0.1330 
Location 5 0.0010 0.5292 23 0.0047* 
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Table 7. Total Phosphorus Warm Water Slope and Significance 
Total Phosphorus Warm Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -7E-05 0.0017 51 0.4953 
Location 2 0.0002 0.0063 51 0.4853 
Location 3 0.0078 0.1694 51 0.1173 
Location 4 0.0087 0.1533 51 0.1414 
Location 5 -0.0158 0.2782 51 0.0240* 
 
Table 8 shows the ranges and mean for each location in both warm and cold water. There 
were no significant differences in the mean for Total Phosphorus in all Locations. The data range 
increased significantly for Locations 3 and 4. In cold water, Location 2 had a significant spike in 
both mean and range. 
Table 8. Total Phosphorus in Water Temperatures 
Total Phosphorus Concentrations (mg/L) in Water Temperature 
 Warm Water (≥40°F) Cold Water (≤40°F) 
Area Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 1.63  0.1-6.8  0.75  0-2.5 
Location 2 Residential 1.59  0.1-4.9  1.07  0.2-4.1 
Location 3 Urban 1.72  0.1-8.5  0.73 0-3.2 
Location 4 Industrial 1.87  0.1-13.4  0.9  0-3.6 
Location 5 Woodcock Creek 2.20  0.2-8.9  0.64 0-1.7 
 
Table 9 shows the results for Total Phosphorus concentrations as they are broken down 
by each season.  There are no trends, increasing or decreasing for winter and spring mean. 
Winter range increases as the through each location. Summer mean does show an increasing 
trend, starting from Location 1 through Location 4. The range also shows an increasing trend. 
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Table 9. Total Phosphorus Concentrations between Seasons 
 
Slope and correlation values were also observed and described in Tables 10-12.  Location 
2 had a negative slope trend in the Winter Season while in the Spring Season Location 5 had the 
negative trend. In the Summer Season, Locations 1, 2, and 5 all had negative slopes. Locations 1 
and 3 had the highest correlation values in the Winter Season, which means those locations are 
highly correlated. In the Spring, only Location 5 has a higher correlation but still not over 0.5. In 
the Summer, Location 5 had a correlation value over 0.5 and Location 1 has the second highest 
correlation value. However, none of the locations had a significance value under 0.05. 
 
Table 10. Total Phosphorus Winter Season Slope and Significance 
Total Phosphorus Winter Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0111 0.3784 24 0.0341* 
Location 2 -0.0013 0.0224 20 0.4027 
Location 3 0.0056 0.1005 21 0.3323 
Location 4 0.0063 0.8889 16 <0.0001* 
Location 5 0.0053 0.1225 25 0.2798 
 
 
 
 
Location Mean Range Mean Range Mean Range
Location 1 0.6875 0-2 1.8537 0.1-6.8 0.9 0.6-1.5
Location 2 1.165 0.2-4.1 1.5805 0.2-4.8 1.4778 0.1-4.9
Location 3 0.7571 0-3.2 1.7146 0.1-7.4 1.7889 0.3-8.5
Location 4 0.8938 0-3.6 1.8341 0-3.2 2.1778 0.4-13.4
Location 5 0.775 0-4.2 2.3244 0.1-5.6 1.4333 0.3-2.9
Total Phosphorus Concentrations (mg/L) in Different Seasons
SummerSpringWinter
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Table 11. Total Phosphorus Spring Season Slope and Significance 
Total Phosphorus Spring Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0038 0.0678 41 0.3368 
Location 2 0.0024 0.0510 41 0.3757 
Location 3 0.0120 0.2040 41 0.1004 
Location 4 0.0081 0.1442 41 0.1842 
Location 5 -0.0269 0.3175 41 0.0215* 
 
Table 12. Total Phosphorus Summer Season Slope and Significance 
Total Phosphorus Summer Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0018 0.3606 9 0.1702 
Location 2 -0.0359 0.1720 9 0.3290 
Location 3 0.0807 0.2179 9 0.2866 
Location 4 0.0795 0.1308 9 0.3687 
Location 5 -0.0663 0.5023 9 0.0841 
 
Figures 17-21 show the trends in Total Phosphorus and Dissolved Oxygen in all 5 
locations. In all cases, as the amount of Dissolved Oxygen in the stream decreased, the amount 
of Total Phosphorus slightly increased. The slope of the Total Phosphorus between all 5 
locations ranged from 0.0034 to 0.0104. 
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Figure 17. Total Phosphorus and DO in Loc 1 
   
 
Figure 18. Total Phosphorus vs DO at Location 2 
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Figure 19. Total Phosphorus and DO in Location 3 
  
 
Figure 20. Total Phosphorus and DO in Location 4 
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Figure 21. Total Phosphorus and DO in Location 5 
 
Tier Three: Statistical Relationships Between Total Phosphorus, Water Quality Parameters and 
Climate 
 
The data from the statistical analysis showed that just location alone had no significant 
impact, as all the locations had p values the 0.05 threshold. The ANCOVA, or Analysis of 
Covariance, is used to test the main variable and interaction effects of a categorical variable on a 
continuous variable, while controlling for effects of selected other variables.   
The first test performed was Total Phosphorus in relation to ID (or location), Water 
Temperature, and Flow.  The slope estimate for Water Temperature was negative so Phosphorus 
would decrease as the Water Temperature increased. Flow also had a negative slope estimate. 
Phosphorus would decrease as the Flow increased. However, as this was raised to a negative 
power due to the transformation of the data, the results would be reversed. 
Changing the variables to ID (Location), Water Temperature, Flow and the amount of 
Rain produced the same results. Finally, the Date was added to see how it affected the different 
factors. After adding that in addition to ID, Flow, amount of Rain, and Water Temperature, the 
analysis was performed in relation to Total Phosphorus. Total Phosphorus would decrease as the 
Water Temperature increased. Total Phosphorus would increase as the Rain, Flow, and Date 
increased. When Date was added, the estimate for Water Temperature changed. Throughout the 
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other tests, Water Temperature was always positive but here in this test, it became negative. 
Table 13 shows the results for how each variable interacted with another. 
Table 13. ANCOVA Test Results for Total Phosphorus 
 
 
 
The summary test was an ANOVA test that was designed to test the relationships 
between locations and variables. This summary test tells us whether there are significant 
differences in slopes between the variables.  Results of the Summary test are shown in Table 14.  
 
 
 Locations ID3 (Urban) played a significant 
role in the amount of Total Phosphorus in the stream. 
The relationship between Location vs Water 
Temperature and Location vs Date also produced 
significant impacts.      
 
 
 
 
 
ANCOVA Test Results for Total Phosphorus 
Test Flow Rain Temperature Date 
1 +  +  
2  + +  
3 + +   
4 + + +  
5 + + - + 
Sum Sq F Value Pr(˃F)
ID 0.5386 3.5472 0.007521
Temp 0.0025 0.0669 0.796113
Flow 0.3398 8.951 0.002985
Date 0.1036 2.7283 0.099547
Rain 0.079 2.0803 0.150177
ID:Temp 0.5335 3.5139 0.007953
ID:Flow 0.2861 1.8845 0.11282
ID:Date 0.5398 3.5552 0.007421
ID:Rain 0.0634 0.4175 0.796025
Sum Sq-Type III Anova Test
 
Table 14.  Total Phosphorus Type III Summary 
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This data was then broken down further by 
testing each variable against the individual location, 
which is shown in Table 15. This was to determine 
whether one specific location had more of an impact 
than any of the others.  
 After analyzing the chart and looking for 
values under 0. 05, Flow, Location ID3 (Urban) and 
the relationship between ID3(Urban) and the Date 
are all significantly different in slopes than the other 
variables. 
 
 
 
 
 
 
An Estimated Marginal Test (Least Squares Means Test) showed that there were small 
Total Phosphorus differences among the locations. Figure 22 shows the Total Phosphorus 
concentrations by location.  
Estimate Std. Error t value Pr (˃ ǀtǀ)
Intercept 1.70E+01 9.84E+00 1.730 0.08453*
ID1 -2.82E+01 2.11E+01 -1.340 0.18114
ID2 2.29E+01 1.76E+01 1.303 0.19363
ID3 -4.57E+01 1.95E+01 -2.344 0.01967*
ID4 -9.00E+00 1.97E+01 -0.458 0.64722
Temp 5.36E-04 2.07E-03 0.259 0.79611
Flow -1.41E-03 4.73E-04 -2.992 0.00299*
Date -1.08E-02 6.51E-09 -1.652 0.09955
Rain -4.74E-02 3.29E-02 -1.442 0.15018
ID1:Temp -6.65E-03 4.20E-03 -1.582 0.11463
ID2:Temp 4.38E-03 3.80E-03 1.151 0.25067
ID3:Temp -7.49E-03 4.09E-03 -1.834 0.06755
ID4:Temp -4.28E-03 4.08E-03 -1.050 0.29463
ID1:Flow 1.38E-04 8.10E-04 0.170 0.86475
ID2:Flow -1.41E-03 1.22E-03 -1.155 0.249
ID3:Flow -4.22E-04 1.03E-03 -0.411 0.68159
ID4:Flow 2.44E-04 9.93E-04 0.246 0.80598
ID1:Date 1.87E-08 1.39E-08 1.345 0.17972
ID2:Date -1.52E-08 1.17E-08 -1.302 0.1939
ID3:Date 3.02E-08 1.29E-08 2.341 0.01981*
ID4:Date 6.06E-09 1.30E-08 0.466 0.64176
ID1:Rain -1.53E-02 6.44E-02 -0.237 0.81278
ID2:Rain 4.95E-02 6.79E-02 0.729 0.46641
ID3:Rain -5.15E-02 6.71E-02 -0.767 0.44366
ID4:Rain -3.10E-02 7.05E-02 -0.439 0.66079
ANOVA Type III Relationship Analysis
Table 15. ANOVA Type III Phosphorus Relationship 
Analysis 
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Figure 22. Total Phosphorus Boxplot by Location 
 
Total Nitrogen 
 
 Total Nitrogen analyses followed the same tiered approach as Total Phosphorus with Tier 
One examining the trends over time. Tier Two evaluated the weather conditions, water 
temperature, and seasonal trends in response to Total Nitrogen concentrations. Tier Three 
analyzed the statistical relationships between the various weather conditions, water quality 
parameters and Total Nitrogen concentrations. 
 
Tier One: Total Nitrogen Trends Over Time 
 
 Total Nitrogen was tested using multiple different methods. Figure 23 depicts the overall 
trends for Total Nitrogen over the course of the study. Location 1 had the largest spikes with 
Location 5 closely following the majority of the spikes. Both of these locations are primarily 
forested. 
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Figure 23. Total Nitrogen over the course of the study. 
 
Table 16 shows the overall means and ranges without breaking the data into different 
categories Location 2 had the highest mean but did not have the highest range. Location 1 had 
the largest range along with the highest Instantaneous Maximum.  Both Location 1 and 5 are 
primarily forested and have the largest ranges.  
Table 16. Total Nitrogen Chart for Mean and Range 
Total Nitrogen Overall (mg/L) 
Location Land Use Mean Range 
Location 1 Mill Run Headwaters 3.138 0.1-19 
Location 2 Residential 3.237 0.2-7.6 
Location 3 Urban 2.706 0.1-7.7 
Location 4 Industrial 2.935 0-8.9 
Location 5 Woodcock Creek 2.768 0.2-11.4 
 
Table 17 portrays the slope, the correlation coefficients and the significance level in the 
slope trends. Overall, the slopes for each location were negative so as the study progressed, the 
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amount of Total Nitrogen in the stream decreased. Locations 1 and 5 are below the significance 
level of 0.05, however, they do not have a high correlation coefficient. 
Table 17. Total Nitrogen Overall Slope and Significance 
Total Nitrogen Overall Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0131 0.2202 73 0.0306* 
Location 2 -0.0046 0.1277 69 0.1479 
Location 3 -0.0031 0.08 70 0.2552 
Location 4 -0.0013 0.0265 66 0.4163 
Location 5 -0.009 0.1992 73 0.0456* 
 
Tier Two: Impacts of Weather Conditions, Water Temperatures and Dissolved Oxygen 
 
 Figures 24 and 25 show the distribution of Total Nitrogen in Dry and Wet Weather. Total 
Nitrogen spiked more in Dry Weather events than in Wet Weather events. The larger spikes 
occurred in the earlier months than the later months in dry weather. Wet weather did not produce 
large spikes. 
 
Figure 24. Total Nitrogen in Dry Weather 
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Figure 25. Total Nitrogen in Wet Weather 
 
Table 18 compares the means and ranges for Dry Weather events versus Wet Weather 
events. While Location 1 had the lowest mean and Location 2 the highest in wet weather, there 
were no increasing trends. The mean for each location had a declining trend whereas the mean 
for wet weather jumped after Location 1.  Locations 1 and 5 were similar in mean for wet 
weather.  The ranges for wet weather did not have a large variation with the exception of 
Location 4. 
Table 18. Total Nitrogen in Weather Events 
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Total Nitrogen Concentrations (mg/L) in Weather Events 
 Dry Weather 
(≤0.5” Precipitation) 
Wet Weather 
(≥0.5” Precipitation) 
Location Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 3.402 0.1-19 2.007 0.1-4.8 
Location 2 Residential 3.318 0.2-7.6 2.914 0.3-5.3 
Location 3 Urban 2.702 0.1-7.7 2.721 0.4-6.1 
Location 4 Industrial 2.952 0-7.8 2.871 0.4-8.9 
Location 5 Woodcock Creek 2.878 0.2-11.4 2.293 0.4-5.2 
44 
 
Tables 19 and 20 show the slope and correlation coefficients for Total Nitrogen in Dry 
and Wet Weather. There is no significant correlation between the amount of rain (Weather 
Event) and Total Nitrogen. In both wet and dry weather, all locations had a negative slope 
Table 19. Total Nitrogen Dry Weather Slope and Significance 
Total Nitrogen Dry Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0109 0.1718 59 0.0966 
Location 2 -0.0027 0.0735 55 0.2969 
Location 3 -0.0004 0.0095 56 0.4723 
Location 4 -0.0012 0.0245 51 0.4322 
Location 5 -0.0075 0.1575 59 0.1168 
 
Table 20. Total Nitrogen Wet Weather Slope and Significance 
Total Nitrogen Wet Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0069 0.2339 14 0.2105 
Location 2 -0.0074 0.1990 14 0.2476 
Location 3 -0.0079 0.2293 14 0.2152 
Location 4 -0.0006 0.0100 14 0.4865 
Location 5 -0.0088 0.2324 14 0.2120 
 
 Figures 26 and 27 compare the progression of Nitrogen through Cold Water and through 
Warm Water. The larger spikes occurred when the water was below 40°F. Location 1 had a large 
anomaly spike in the warmer water temperatures. 
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Figure 26. Total Nitrogen in Cold Water 
 
Figure 27. Total Nitrogen in Warm Water 
  
Table 21 shows the differences in means and ranges between warm water and cold water. 
Cold water does show a descending trend in the mean. The range takes a drastic drop after 
Location 1 in Cold Water. Locations 2-4 level out and the instantaneous maximum is relatively 
consistent. The range for Warm Water also took a drastic drop from Location 1 to Location 2. 
The mean for Warm Water showed no trends. 
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Table 21. Total Nitrogen in Warm Vs Cold Water 
Total Nitrogen Concentrations (mg/L) in Water Temperature 
 Warm Water (≥40°F) Cold Water (≤40°F) 
Location Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 2.637  0.1-19  4.248  1.2-12.8 
Location 2 Residential 2.967  0.2-7  3.963  0.9-7.6  
Location 3 Urban 2.559  0.1-7.7  3.080  0.1-6.8  
Location 4 Industrial 2.924  0-8.9  3.033  0-7.7  
Location 5 Woodcock Creek 2.378  0.2-9.1 3.630  0.7-11.4  
  
Tables 22 and 23 contain the slope, correlation coefficient and significance level for Total 
Nitrogen in Cold Water versus Warm. In cold water, Location 1 had a negative slope and 
Locations 2-5 were all positive. In warm water, Location 2 was the only location with a positive 
slope whereas all others were negative. In cold water, Total Nitrogen is highly correlated in 
Locations 2-4 and this is reflected in the significance levels. There are no high correlation 
coefficients in warm water and all the significance levels are above 0.05. 
Table 22. Total Nitrogen Cold Water Slope and Significance 
Total Nitrogen Cold Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0135 0.1063 23 0.3146 
Location 2 0.0389 0.4278 19 0.0338* 
Location 3 0.0506 0.6480 20 0.0010* 
Location 4 0.0556 0.6079 15 0.0081* 
Location 5 0.0154 0.1315 23 0.2750 
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Table 23. Total Nitrogen Warm Water Slope and Significance 
Total Nitrogen Warm Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0021 0.0894 51 0.2664 
Location 2 0.0032 0.0735 51 0.3041 
Location 3 -0.0006 0.0100 51 0.4722 
Location 4 -0.0033 0.0600 51 0.3379 
Location 5 -0.0028 0.0557 51 0.3489 
 
Table 24 shows the range and mean for Total Nitrogen throughout each season. The 
winter mean shows a decreasing trend while the range remains predominately stable. There is not 
much variance in the mean in the Spring season while between Location 1 and 2 the range 
decreases drastically before it evens out.  In the Summer there is a significant increase between 
Location 1 and Location 2 before it stables out. The range for Summer shows no increasing or 
decreasing trends but there is considerable instability. 
Total Nitrogen showed an increasing trend in the slope in the Winter season, however, 
there were no trends observed in the Spring and Summer seasons. Location 1 had a negative 
slope for both Winter and Spring season and a positive slope in the Summer. Location 2 had a 
positive slope for both Winter and Summer but a negative slope in the Spring. Location 3 had a 
positive slope in the Winter but a negative slope in the Spring and Summer. Location 4 had a 
positive slope in both the Winter and Summer seasons but a negative slope in the Spring. Finally, 
Location 5 was the same as Location 4. 
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Table 24. Total Nitrogen Concentrations between Seasons 
 
 Tables 25-27 show the slope, correlation coefficient and significance levels for Total 
Nitrogen throughout the three seasons this study was conducted in. Locations 3 and 4 have high 
correlation coefficients with Location 4 being the highest, and this is reflected in the significance 
levels. In Spring, Locations 2, 3, and 4 have high correlation coefficients, however, in the 
summer there are no high correlation coefficients and no significance levels below 0.05. 
 
Table 25. Total Nitrogen Winter Season Slope and Significance 
Total Nitrogen Winter Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0287 0.1732 24 0.2092 
Location 2 0.0041 0.0361 20 0.4399 
Location 3 0.0488 0.4363 21 0.0240* 
Location 4 0.0987 0.5039 14 0.0331* 
Location 5 0.0178 0.1136 24 0.2986 
 
Table 26. Total Nitrogen Spring Season Slope and Significance 
Total Nitrogen Spring Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0047 0.0412 41 0.3991 
Location 2 -0.0215 0.4119 41 0.0037* 
Location 3 -0.0121 0.1712 41 0.1423 
Location 4 -0.0201 0.2893 41 0.0333* 
Location 5 -0.0236 0.4007 41 0.0047* 
 
Location Mean Range Mean Range Mean Range
Location 1 3.7375 0.1-7.6 3.1829 0.3-19 1.3333 0.1-3.1
Location 2 3.455 0.2-7.6 3.0073 0.3-7 3.8 0.6-6.9
Location 3 2.619 0.1-6.8 2.878 0.1-7.7 2.1222 0.3-4.2
Location 4 2.5714 0-7 2.9707 0.1-7.8 3.1333 0.4-8.9
Location 5 3.2417 0.2-11.4 2.5707 0.5-6.9 2.4 0.4-9.1
Total Nitrogen Concentrations (mg/L) in Different Seasons
SummerSpringWinter
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Table 27. Total Nitrogen Summer Season Slope and Significance 
Total Nitrogen Summer Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0229 0.1375 9 0.3621 
Location 2 0.0680 0.2112 9 0.2927 
Location 3 -0.0214 0.1170 9 0.3822 
Location 4 0.1523 0.3759 9 0.1594 
Location 5 0.0910 0.2140 9 0.2902 
 
Tier Three: Statistical Relationships Between Total Nitrogen, Water Quality Parameters and 
Climate 
 
A One-Factor ANOVA test was conducted to test Total Nitrogen against just the location. 
This is a naïve test done just to check location alone. This test returned a p-value of 0.5931. As 
this is greater than 0.05, which is the threshold to determine if an indicator has a significant 
impact on the dependent variable, this showed that just location alone does not have a significant 
impact into the amount of nitrogen entering the stream.  
The object of the ANCOVA (Analysis of Covariance) is to test the effect of one 
categorical or continuous predictor on the relationship between 2 or more continuous variables. 
The amount of rain received, the temperature of the water, and the current flow are all variables 
that are continuous and not discrete. 
The first test performed was Total Nitrogen in relation to the ID (location), Rain, and 
Flow. The slope estimate for Rain was negative. The slope estimate for Flow was also negative. 
Table 28 shows the results of the ANCOVA for all variables.  
Switching the variables around produced the same results. The original 3 variables all 
produced negative slope estimates, however, Date produced a positive slope estimate. This 
meant that Total Nitrogen would increase as the Date increased. 
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Table 28. Total Nitrogen ANCOVA Analysis Results 
ANCOVA Test Results for Total Nitrogen 
Location Flow Rain Temperature Date 
1 - -   
2 -  -  
3  - -  
4 - - -  
5 - - - + 
 
Table 29 shows the results of the 
ANOVA Type III Relationship Analysis. They 
results show that the industrial zone (known as 
the intercept for this test) is a significant factor, 
ID2 (Residential Zone), Temperature and the 
relationship between ID2:Date 
(Residential:Date) were a significant factors.  
Table 30 is a Type III ANOVA sumary 
test, was used to see what the overall 
differences would be in slopes between all 
locations.  After accounting for all the 
variables, Date has a significant difference. 
This means that Date does have an impact 
when combined with all the other 
environmental variables that were analyzed. 
Temperature also has a significant impact 
when combined with the other variables. The 
Location, Flow and Rain did not have any 
significant impacts when combined with other 
variables. 
Estimate Std. Error t value Pr (˃ ǀtǀ)
Intercept -7.40E+01 2.63E+01 -2.813 0.005208*
ID1 -7.56E+01 5.63E+01 -1.342 0.180466
ID2 9.81E+01 4.70E+01 2.086 0.037779*
ID3 3.78E+00 5.21E+01 0.073 0.942218
ID4 -4.47E+01 5.26E+01 -0.850 0.396095
Temp -2.16E-02 5.54E-03 -3.889 0.000122*
Flow -1.12E-03 1.26E-03 -0.885 0.376627
Date 5.01E-08 1.74E-08 2.875 0.004312*
Rain -6.97E-02 8.79E-02 -0.794 0.428046
ID1:Temp -9.16E-03 1.12E-02 -0.815 0.415721
ID2:Temp 1.37E-02 1.02E-02 1.343 0.180268
ID3:Temp 9.98E-04 1.09E-02 0.091 0.927259
ID4:Temp -6.49E-03 1.09E-02 -0.595 0.552124
ID1:Flow 2.89E-03 2.17E-03 1.334 0.183222
ID2:Flow -8.35E-04 3.26E-03 -0.257 0.797684
ID3:Flow -2.39E-03 2.75E-03 -0.868 0.386104
ID4:Flow -1.63E-04 2.66E-03 -0.061 0.951071
ID1:Date 4.99E-08 3.72E-08 1.338 0.181913
ID2:Date -6.48E-08 3.12E-08 -2.080 0.038320*
ID3:Date -2.44E-09 3.45E-08 -0.071 0.943772
ID4:Date 2.95E-08 3.48E-08 0.846 0.397964
ID1:Rain -1.92E-01 1.72E-01 -1.112 0.266801
ID2:Rain -1.18E-01 1.81E-01 -0.649 0.516947
ID3:Rain 2.08E-01 1.79E-01 1.156 0.248684
ID4:Rain 1.88E-01 1.89E-01 0.995 0.320551
ANOVA Type III Relationship Analysis
Table 29. Total Nitrogen ANOVA Type III Relationship 
Analysis 
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Figure 28 is a Boxplot that shows the Total 
Nitrogen concentrations when incorporating all three 
variables. An Estimated Marginal Means test was also 
utilized, which is also known as the Lease Squares 
Means test. This test is designed to compute estimated 
marginal means for specified factors or factor 
combinations, specifically any comparisons or 
contrasts between the factors. After running the test, all 
the locations were similar to each other. There were no 
differences that would separate the locations.  
 
Figure 28. Total Nitrogen Boxplot by Location 
 
 
Nitrate 
  
 The data for Nitrate was analyzed using the same methods that were used for Total 
Nitrogen and Total Phosphorus.  
Sum Sq F Value Pr(˃F)
ID 1.556 1.4325 0.222908
Temp 4.107 15.1257 0.000122
Flow 0.213 0.7838 0.376627
Date 2.244 8.2635 0.004312
Rain 0.171 0.6297 0.428046
ID:Temp 0.637 0.5867 0.672489
ID:Flow 0.574 0.5282 0.715126
ID:Date 1.546 1.4238 0.22574
ID:Rain 0.919 0.846 0.496836
Sum Sq-Type III Anova Test
Table 30. Total Nitrogen ANOVA Type III 
Summary 
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Tier One: Nitrate over Time 
 
 Figure 29 shows the overall distribution of Nitrate concentrations throughout the course 
of the study. Location 5, which is indicated by the black line, had 2 large spikes early in the 
course of the study. There were no large rain amounts, however, the air temperature had reached 
the 50s, causing a significant snow melt. Location 1 had a large spike as the study progressed 
into May. Locations 2 and 4 both had spikes in concentrations at the end of the study. Location 3 
had no significant spikes throughout the course of the study. 
 
Figure 29. Total Nitrogen Concentrations over the course of the study 
 
 
Table 31 shows the differing mean and ranges for each location. There was no increasing 
trend at the study progressed from each location. The largest range occurred at Location 2 with 
Location 1 following with the second largest range. Locations 4 and 5 had the largest mean with 
Location 2 following. 
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 Table 31. Total Nitrate Mean and Range over the Course of the Study 
  
Table 32 displays Slope, Correlation Coefficients and significance levels. Locations 1 
through 4 have positive slopes so there is an increase in Nitrate Concentrations as Mill Run 
progresses through the study in each location. Location 5 has a negative slope so the Nitrate 
Concentration would decrease as the study progresses. Locations 2, 3 and 5 have higher 
correlation values so there is some correlation. This is also reflected in the matching significance 
levels. 
 
Table 32. Nitrate Overall Slope and Significance 
Nitrate Overall Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0037 0.0964 77 0.2021 
Location 2 0.0109 0.2089 71 0.0402* 
Location 3 0.0098 0.2789 72 0.0088* 
Location 4 0.0054 0.1315 67 0.1444 
Location 5 -0.0085 0.2098 77 0.0335* 
 
Tier Two: Impacts of Weather Conditions, Water Temperature, and Dissolved Oxygen 
 Figures 30 and 31 were intended to show any differences in Nitrate concentrations 
between wet weather and dry weather. Nitrate concentrations were relatively steady in dry 
Total Nitrate Concentrations (mg/L) 
Location Land Use Mean Range 
Location 1 Mill Run Headwaters 1.588 0-18 
Location 2 Residential 1.623 0-22.9 
Location 3 Urban 1.567 0-15.5 
Location 4 Industrial 1.714 0-15.5 
Location 5 Woodcock Creek 1.769 0-14.2 
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weather until Locations 2 and 4 each had a spike at the end of the study. Location 5 would spike 
in wet weather. No other spikes were noted in the wet weather period.  
 
Figure 30. Nitrate Concentrations in Dry Weather 
 
 
Figure 31. Nitrate Concentrations in Wet Weather 
Table 33 shows the comparison between Wet Weather and Dry Weather mean and range.  
There were no progression trends in Dry Weather for the mean or in the range. For Mill Run, 
Location 4 had the highest mean, however, when comparing all locations in Dry Weather, 
Location 5 had the largest mean and the largest range. In Wet Weather, Location 2 had the 
largest mean and range with Location 5 having the smallest range and mean. 
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Table 33. Nitrate in Weather Events 
 
Tables 34 and 35 show the slope, correlation coefficients and significance levels for 
Nitrate in Wet and Dry Weather. The slopes for each location in wet weather were all positive. In 
dry weather, Locations 1-3 were positive while Locations 4 and 5 were negative. In Dry 
Weather, Locations 1-3 had positive slopes while Locations 4 and 5 were negative. In Wet 
Weather, all slopes were positive.  Location 5 had the highest Correlation Coefficient at 0.2261 
which also showed in the significance level being below 0.05. In Wet Weather, Location 3 had 
the highest Correlation Coefficient at 0.4740 and the significance value was below 0.05. 
However, Locations 2 and 4 had higher correlation values as well. 
 
Table 34. Nitrate Dry Weather Slope and Significance 
Nitrate Dry Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0010 0.0592 63 0.3224 
Location 2 0.0063 0.0775 57 0.2833 
Location 3 0.0020 0.1817 58 0.0861 
Location 4 -0.0026 0.1330 53 0.1712 
Location 5 -0.0101 0.2261 63 0.0374* 
 
Nitrate Concentrations (mg/L) in Weather Events 
 Dry Weather 
(≤0.5” Precipitation) 
Wet Weather 
(≥0.5” Precipitation) 
Location Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 1.34 0.2-4.6 1.49 0-3.9 
Location 2 Residential 1.35 0.2-4.0 2.66 0-22.9 
Location 3 Urban 1.29 0.1-2.8 2.15 0-15.5 
Location 4 Industrial 1.67 0.2-4.8 1.87 0-15.5 
Location 5 Woodcock Creek 1.88 0-14.2 1.31 0-2.3 
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Table 35. Nitrate Wet Weather Slope and Significance 
Nitrate Wet Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0050 0.2298 15 0.2050 
Location 2 0.0424 0.3926 15 0.0739 
Location 3 0.0345 0.4740 15 0.0371* 
Location 4 0.0277 0.3787 15 0.0820 
Location 5 0.0019 0.1175 15 0.3383 
 
Figures 32 shows Nitrate Concentrations in Cold Water. Location 5 spiked early in the 
study during cold water. No other spikes were noted. In Figure 33, Locations 2 and 4 spiked late 
in the study in warm water. Location 1 also had a small spike towards the end of the study. 
 
Figure 32. Nitrate Concentrations in Cold Water 
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Figure 33. Nitrate Concentrations in Warm Water 
Table 36 compares Nitrate concentrations in warm water versus cold, including the 
varying ranges and means. Cold water means for Locations 1-3 were all similar. Location 4 took 
a large jump. Location 5 was quite a substantial jump from the other locations.  The ranges were 
all quite similar as well with Location 5 having the highest mean. In warm water, all the 
locations were similar. Location 2 had the largest range mean.  
Table 36. Nitrate Concentrations in Water Temperatures 
 
Tables 37 and 38 compare the slope, correlation coefficient and significance levels for 
Cold and Warm Water. In Cold Water, Locations 2 and 4 had highly correlated values with both 
over 0.5. Location 3 also had a high correlation value at 0.4402. All three of these locations had 
significance levels below 0.05. In Warm Water, correlation values were not as high. Location 3 
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Nitrate Concentrations (mg/L) in Water Temperatures 
 Warm Water (≥40°F) Cold Water (≤40°F) 
Location Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 1.45 0-4.6 1.23 0.3-2.2 
Location 2 Residential 1.79 0-22.9 1.18 0.005-2.2 
Location 3 Urban 1.59 0-15.5 1.09 0.015-2 
Location 4 Industrial 1.76 0-15.5 1.57 0.009-3.2 
Location 5 Woodcock Creek 1.51 0-4 2.3 0-14.2 
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and 5 had the highest values but were not over 0.5, however, both of these locations had 
significance values below 0.05. 
Table 37. Nitrate Cold Water Slope and Significance 
Nitrate Cold Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0066 0.3233 25 0.0575 
Location 2 0.0186 0.6998 19 0.0004* 
Location 3 0.0114 0.4402 20 0.0260* 
Location 4 0.0260 0.6898 15 0.0022* 
Location 5 -0.0139 0.1005 25 0.3163 
 
Table 38. Nitrate Warm Water Slope and Significance 
Nitrate Warm Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0002 0.0063 52 0.4823 
Location 2 0.0135 0.1847 52 0.0950 
Location 3 0.0139 0.2818 52 0.0215* 
Location 4 0.0067 0.1308 52 0.1777 
Location 5 -0.0065 0.2917 52 0.0179* 
 
Table 39 reveals no increasing or decreasing trends for both mean and range. For Winter 
and Spring, the means decreased from Locations 1 through 3. However, in Location 4, they 
increased again. In Location 5, the mean decreased significantly in summer. 
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Table 39. Nitrate Concentrations between Seasons 
 
Tables 40-42 show the values for the differing season throughout the study for Nitrate. 
Location 1 had a negative slope for both Winter and Summer with a positive slope in the Spring. 
Location 2 had a positive slope in both Winter and Summer with a negative slope in the Spring. 
Location 3 contained positive slopes throughout all three seasons. Location 4 had positive slopes 
in both the Winter and Summer seasons while the Spring season had a negative slope. Finally, 
Location 5 had negative slopes in both the Winter and Spring seasons while the Summer season 
was positive. 
In Winter, Location 2 had the highest Correlation value, which shows there is some 
correlation between Nitrate in Location 2 and the Winter Season. This location also had a 
significance value under 0.05. In the Spring, Location 5 had the highest Correlation value at 
0.4690 with a significance level under 0.05. Correlation between this season and this location 
was stronger than any other location in this season. Finally, in the Summer season, Location 2 
was extremely correlated with a value of 0.9899 and a significance value under 0.05.  
 
Table 40. Nitrate Winter Season Slope and Significance 
Nitrate Winter Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0065 0.2163 24 0.1550 
Location 2 0.0116 0.4434 20 0.0251* 
Location 3 0.0005 0.0141 21 0.4758 
Location 4 0.0082 0.1459 16 0.2949 
Location 5 -0.0199 0.1072 24 0.3090 
 
Location Mean Range Mean Range Mean Range
Location 1 1.2042 0.3-2.6 1.9951 0.2-18 1.0111 0-2.1
Location 2 1.1503 0.005-1.8 1.4463 0-4 3.6556 1-22.9
Location 3 1.0388 0.015-2 1.3439 0.2-2.9 3.0556 0.4-15.5
Location 4 1.6068 0.009-2.9 1.5561 0-4.8 2.8111 0.4-15.5
Location 5 2.5833 0-14.2 1.5878 0-4 0.7778 0.2-1.3
Nitrate Concentrations (mg/L) in Different Seasons
Winter Spring Summer
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Table 41. Nitrate Spring Season Slope and Significance 
Nitrate Spring Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 0.0025 0.0245 42 0.4388 
Location 2 -0.0024 0.0819 42 0.3031 
Location 3 0.0039 0.1723 42 0.1376 
Location 4 -0.0038 0.1058 42 0.2524 
Location 5 -0.0015 0.4690 42 0.0009* 
 
Table 42. Nitrate Summer Season Slope and Significance 
Nitrate Summer Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0330 0.3439 9 0.1824 
Location 2 0.1029 0.9899 9 <0.0001* 
Location 3 0.1156 0.1706 9 0.3304 
Location 4 0.0653 0.0949 9 0.4041 
Location 5 0.0102 0.1975 9 0.3053 
 
 Figures 34 through 38 compare the Dissolved Oxygen readings taken at each location 
with the Nitrate Concentrations recorded through the course of the study. Looking at all 
locations, there was a trend that as Nitrate increased, the amount of Dissolved Oxygen in the 
stream would decrease.  There are no trends in slopes. Locations 1 through 3 had positive slopes 
while Locations 4 and 5 both had negative slopes. 
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Figure 34. Nitrate and DO. in Location 1. 
 
Figure 35. Nitrate and DO in Location 2. 
0
5
10
15
20
25
30
12/31/2017 02/19/2018 04/10/2018 05/30/2018 07/19/2018
Relationship Between Nitrate and DO in Location 1
Nitrate DO Linear (Nitrate) Linear (DO)
0
5
10
15
20
25
30
12/31/2017 02/19/2018 04/10/2018 05/30/2018 07/19/2018
Relationship between Nitrate and DO in Location 2
Nitrate DO Linear (Nitrate) Linear (DO)
62 
 
 
Figure 36. Nitrate and DO in Location 3. 
 
 
Figure 37. Nitrate and DO in Location 4. 
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Figure 38. Nitrate and DO in Location 5. 
 
Tier Three: Statistical Relationships between Nitrate, Water Quality Parameters and Climate 
 
The One-Factor ANOVA test was revealed no significance differences. Using the 
ANCOVA Test, the location, Rain, Water Temperature and Flow Velocity were all tested and 
had the same results, which are shown in Table 43. Adding the variable Date did not change any 
of the results.  
Table 43. Nitrate ANCOVA Test Results 
ANCOVA Test Results for Nitrate 
Test Flow Rain Water 
Temperature 
Date 
1 -  -  
2 - +   
3  + -  
4 - + -  
5 - + - + 
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Table 44 shows the results of the Type 
III Summary Test was utilized to see how the 
slopes were impacted in each location when 
compared with the different variables.  After 
analyzing the data in the chart to the right, the 
Urban Zone (Intercept) revealed a significant 
slope difference, along with Temperature, Date, 
the relationship between Woodcock Creek (ID4) 
and Flow, and the relationship between 
Woodcock Creek (ID4) and Rain.  The other 
variables that were analyzed did not have a 
significant difference in slope and were 
therefore similar to one another. 
 
 
 
 
 
Table 45 shows the results for the ANOVA Type III Summary test, the slopes are shown 
to be significantly different when all the variables and tests are run at the same time. Water 
Temperature, Date, and the relationship between Location 
and Flow all have significantly different slopes from the 
other variables.  
 
 
 
 
 
Sum Sq F Value Pr(˃F)
ID 0.0397 0.594 0.667235
Temp 0.2147 12.8444 0.000389
Flow 0.0028 0.1677 0.682442
Date 0.2699 16.1489 7.24E-05
Rain 0.0189 1.1285 0.288863
ID:Temp 0.0313 0.468 0.759215
ID:Flow 0.1658 2.4796 0.043876
ID:Date 0.0395 0.5912 0.669214
ID:Rain 0.129 1.9296 0.105132
Sum Sq-Type III Anova Test
Estimate Std. Error t value Pr (˃ ǀtǀ)
Intercept 2.47E+01 5.62E+00 4.081 4.65E-05*
ID1 3.40E+00 1.20E+01 0.257 0.789331
ID2 -9.28E+00 9.90E+00 -0.846 0.378515
ID3 1.59E+01 1.13E+01 1.324 0.188225
ID4 -5.68E+00 1.17E+01 -0.453 0.646927
Temp 4.68E-03 1.23E-03 3.536 0.000389*
Flow 1.23E-04 2.82E-04 0.426 0.682442
Date -1.59E-08 3.72E-09 -3.957 7.24E-05*
Rain -2.27E-02 2.01E-02 -1.186 0.288863
ID1:Temp 7.78E-04 2.49E-03 0.284 0.768886
ID2:Temp -7.03E-04 2.25E-03 -0.286 0.769441
ID3:Temp 2.51E-03 2.45E-03 0.972 0.336565
ID4:Temp -2.90E-03 2.46E-03 -1.092 0.268741
ID1:Flow 1.66E-04 4.98E-04 0.304 0.75457
ID2:Flow -1.24E-03 7.50E-04 -1.524 0.121528
ID3:Flow -5.63E-04 6.34E-04 -0.831 0.405069
ID4:Flow 1.68E-03 5.24E-04 2.988 0.002742*
ID1:Date -2.27E-09 7.93E-09 -0.259 0.787869
ID2:Date 6.13E-09 6.56E-09 0.844 0.380051
ID3:Date -1.05E-08 7.50E-09 -1.320 0.189562
ID4:Date 3.82E-09 7.72E-09 0.460 0.641957
ID1:Rain 1.48E-02 3.96E-02 0.329 0.725174
ID2:Rain 5.87E-03 4.13E-02 0.183 0.893754
ID3:Rain -1.11E-02 4.13E-02 -0.308 0.801444
ID4:Rain -9.40E-02 4.27E-02 -2.093 0.039345*
ANOVA Type III Relationship Analysis
Table 44. Nitrate ANOVA Type III Relationship 
Analysis 
Table 45. Nitrate ANOVA Type III Summary 
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After running the ANCOVA test, the Estimated Marginal Means Test, shown in the 
Boxplot in Figure 39, revealed how each location differed from the other. With the exception of 
some of the outliers, Location The illustration below shows that there was no statistical 
difference in the locations.  
 
Figure 39. Nitrate Concentrations Boxplot by Location 
 
 
Nitrite 
 
 Nitrite was analyzed using the same methods and parameters as the previous nutrients. 
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Tier One: Nitrite Trends Over Time  
 Figure 40 below shows the Overall Trend in Nitrite Concentrations as the study 
progressed. Locations 1 and 3 both had a significant spike, however, they were at different times 
of the year. Nitrite appears to have a slight increase in concentration as the study progressed 
from the headwaters of Mill Run to its confluence with French Creek. 
 
Figure 40. Nitrite over the Course of the Study 
 Table 46 displays nitrite concentration means and ranges for each location. There are no 
overall trends being displayed for the mean. Locations 1 and 3 both have higher means and the 
range is identical for both locations. Locates 1, 3 and 5 are all very similar whereas Locations 2 
and 4 are comparable. 
Table 46. Total Nitrite Concentration Mean and Range by Location 
Total Nitrite 
Location Land Use Mean Range 
Location 1 Mill Run Headwaters 0.00355 mg/L 0-0.1 mg/L 
Location 2 Residential 0.00254 mg/L 0-0.04 mg/L 
Location 3 Urban 0.00333 mg/L 0-0.1 mg/L 
Location 4 Industrial 0.00281 mg/L 0-0.016 mg/L 
Location 5 Woodcock Creek 0.00397 mg/L 0-0.029 mg/L 
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 Table 47 is a chart that depicts the slopes, correlation coefficients and significance levels 
for trendlines. Location 5 was the only location to show significance in trendlines. Locations 1 
and 4 both contained positive slopes while Locations 2-4 were negative. Location 5 has the 
highest correlation coefficient with a 0.4026. 
Table 47. Nitrite Overall Slope and Significance 
Nitrite Overall Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 1E-05 0.0714 77 0.2686 
Location 2 -2E-05 0.1780 71 0.0688 
Location 3 -4E-05 0.1682 72 0.0789 
Location 4 -6E-06 0.0911 67 0.2317 
Location 5 4E-05 0.4026 77 0.0001* 
 
Tier Two: Impacts of Weather Conditions and Water Temperature 
 
 Figures 41 and 42 depict the differences in Nitrite Concentrations between Wet Weather 
and Dry Weather. Locations 2 and 3 had a significant spike early in the study in Dry Weather. 
Towards the end of the study, Location 1 had a significant spike. However, Location 1 had a 
much more significant spike in Wet Weather within the last 2 months of the study.  
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Figure 41. Nitrite Concentration in Dry Weather 
 
Figure 42. Nitrite Concentration in Wet Weather 
 
 
Table 48 examines dry and wet weather ranges and means at the different locations.  
Locations 1 and 2 had higher means in wet weather than in dry. Locations 3-5 all had means 
higher in dry weather. Rangers were consistently higher in wet weather except for Location 1, 
which was higher in wet weather. 
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.11
0.12
01/15/2018 02/15/2018 03/15/2018 04/15/2018 05/15/2018 06/15/2018
C
o
n
ce
n
tr
ai
to
n
 (
m
g/
L)
Sample Date
Location 1 Location 2 Location 3 Location 4 Location 5
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.11
0.12
01/12/2018 02/12/2018 03/12/2018 04/12/2018 05/12/2018 06/12/2018
C
o
n
ce
n
tr
at
io
n
 (
m
g/
L)
Sample Date
Location 1 Location 2 Location 3 Location 4 Locaiton 5
69 
 
Table 48. Nitrite Concentrations in Weather Events 
Nitrite Concentrations (mg/L) In Weather Events 
 Dry Weather 
(≤0.5” Precipitation) 
Wet Weather 
(≥0.5” Precipitation) 
Location Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 0.00197  0-0.015 0.0103 0-0.1 
Location 2 Residential 0.00266  0-0.04  0.0034 0-0.022 
Location 3 Urban 0.00363 0-0.1 0.0022 0-0.008 
Location 4 Industrial 0.00303  0-0.016 0.002 0-0.007 
Location 5 Woodcock Creek 0.00408 0-0.029 0.0039 0-0.02 
 
. In dry weather, shown in Table 49, Locations 1-3 were negative slopes with Locations 4 
and 5 producing positive slopes. In Table 50, the slope for Nitrite at Location 4 was negative 
whereas all other locations contained a positive slope Location 5 has the highest correlation 
coefficient in wet weather and in dry weather, which shows in the significance levels. However, 
the correlation is highest in wet weather than in dry. 
Table 49. Nitrite Dry Weather Slope and Significance 
Nitrite Dry Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -5E-06 0.1068 60 0.2083 
Location 2 -1E-05 0.1265 56 0.1764 
Location 3 -4E-05 0.1559 57 0.1234 
Location 4 1E-05 0.1758 52 0.1063 
Location 5 4E-05 0.3804 60 0.0014* 
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 Table 50. Nitrite Wet Weather Slope and Significance 
  
 
 
 
 
 
 
Figures 43 and 44 examine the differences in Nitrite Concentrations in each location in 
warm water versus cold water. Figure 93 shows Locations 3 and 4 with a large spike in cold 
water early in the study. No other spikes were noted in cold water. In Figure 94, Location 1 had a 
large spike in warm water about ¾ of the way through the study. Towards the end of the study 
Location 5 started to show an increasing trend.  
 
Figure 43. Nitrite Concentrations in Cold Water 
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Nitrite Wet Weather Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 3E-05 0.0566 15 0.4206 
Location 2 2E-05 0.1432 15 0.3053 
Location 3 9E-06 0.1889 15 0.2500 
Location 4 -1E-05 0.2470 15 0.1874 
Location 5 6E-05 0.5218 15 0.0230* 
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Figure 44. Nitrite Concentrations in Warm Water 
 
 Table 51 compares the differences in ranges and mean in Nitrite Concentrations 
between Warm Water and Cold Water. Locations 1 and 5 had comparable means in both warm 
and cold water. Locations 2-4 had higher means in cold water. The range followed this pattern 
with the exception of Location 4. Location 4 was higher in warmer water temperatures than in 
cold. 
Table 51. Nitrite Concentrations in Water Temperature 
Nitrite Concentrations (mg/L) in Water Temperature 
 Warm Water (≥40°F) Cold Water (≤40°F) 
Location Land Use Mean Range Mean Range 
Location 1 Mill Run Headwaters 0.00427 0-0.1  0.00204 0-0.009 
Location 2 Residential 0.00202 0-0.011 0.00395 0-0.04 
Location 3 Urban 0.00198  0-0.009 0.00685 0-0.1 
Location 4 Industrial 0.00262 0-0.016 0.00347 0-0.008 
Location 5 Woodcock Creek 0.00465  0-0.029  0.00256 0-0.007 
 
 Tables 52 and 53 depict the results for slope, correlation coefficients and their 
significance levels for both cold and warm water. The slopes for all locations were positive in 
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cold water while in warm water only Location 5 contained a positive slope.  Location 4 is highly 
correlated with cold water whereas the other locations are weakly coordinated. In warm water, 
Location 5 has the highest correlation coefficient and this is also shown in the significance level. 
 
Table 52. Nitrite Cold Water Slope and Significance 
Nitrite Cold Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 2E-05 0.2680 25 0.0976 
Location 2 1E-05 0.0316 19 0.4489 
Location 3 2E-05 0.2449 20 0.1490 
Location 4 7E-05 0.6334 15 0.0056* 
Location 5 4E-07 0.0045 25 0.4915 
 
Table 53. Nitrite Warm Water Slope and Significance 
Nitrite Warm Water Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -1E-06 0.0032 52 0.4910 
Location 2 -8E-06 0.1428 52 0.1563 
Location 3 -1E-05 0.1942 52 0.0839 
Location 4 -5E-06 0.0707 52 0.3092 
Location 5 6E-05 0.4414 52 0.0005* 
 
 Nitrite Concentrations, shown in Table 54, revealed no increasing or decreasing trends. In 
winter, Location 3 had the largest mean and range. In Spring, Location1 had the largest mean 
and range. In summer, Location 2 had the largest mean and range with Location 3 being very 
close. 
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Table 54. Nitrite Concentrations between Seasons 
 
Tables 55-57 show the results for slope, correlation coefficients and their significance 
levels for the trend lines for Winter, Spring and Summer Seasons. In Location 1, Nitrite had a 
negative slope in the Summer and contained positive slopes in both the Winter and Spring 
seasons. Location 2 had a negative slope in the Winter and Summer seasons and a positive slope 
in the Spring. Location 3 also had a negative slope in the Winter and Summer with a positive 
slope in the Spring. Location 4 had a positive slope in the Winter and Spring and a negative 
slope in the Summer. Finally, Location 5 had a positive slope in all three seasons. 
Location 4 shows Nitrite is highly correlated with the Winter Season. In the Spring 
Season, Location 5 has the highest correlation with the coefficient over 0.5. It is even more 
highly correlated in the Summer with the coefficient over 0.8. 
 
Table 55. Nitrite Winter Season Slope and Significance 
Nitrite Winter Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 3E-05 0.2360 24 0.1334 
Location 2 -1E-05 0.0265 20 0.4558 
Location 3 -2E-05 0.02 21 0.4657 
Location 4 0.0001 0.6237 16 0.0049* 
Location 5 1E-05 0.0970 24 0.3260 
 
 
Location Mean Range Mean Range Mean Range
Location 1 0.0026 0-0.009 0.0048 0-0.1 0.0014 0-0.006
Location 2 0.0045 0-0.04 0.0015 0-0.005 0.0027 0-0.01
Location 3 0.0074 0-0.1 0.0014 0-0.008 0.0024 0-0.009
Location 4 0.0038 0-0.008 0.0025 0-0.016 0.0019 0-0.006
Location 5 0.0032 0-0.008 0.0031 0-0.011 0.0111 0-0.029
Nitrite Concentrations (mg/L) in Different Seasons
Winter Spring Summer
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Table 56. Nitrite Spring Season Slope and Significance 
Nitrite Spring Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 4E-05 0.0656 41 0.3418 
Location 2 6E-06 0.1058 41 0.2552 
Location 3 8E-06 0.1300 41 0.2089 
Location 4 3E-05 0.2392 41 0.0660 
Location 5 6E-05 0.5586 41 <0.0001* 
 
Table 57. Nitrite Summer Season Slope and Significance 
Nitrite Summer Season Slope and Significance 
Location Slope Correlation 
Coefficients 
# of Points in 
the Analysis 
Significance 
Level 
Location 1 -0.0002 0.5556 9 0.0602 
Location 2 -0.0002 0.3776 9 0.1582 
Location 3 -0.0002 0.3883 9 0.1509 
Location 4 -0.0001 0.3793 9 0.1570 
Location 5 0.0013 0.8264 9 0.0060* 
 
Tier Three: Statistical Analysis Between Nitrite, Water Quality Parameters and Climate 
 
Table 58, shown below, show the results of the ANCOVA test. Testing different 
variables against each other did not change how one impacted Nitrite Concentrations. Each 
variable stayed consistent with the same type of impact even when one was added or another 
removed. 
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Table 58. Nitrite ANCOVA Test Results 
ANCOVA Test Results for Nitrite 
Test Flow Rain Temperature Date 
1 +  +  
2  - +  
3 + -   
4 + - +  
5 + - + - 
 
  
 
 
Table 59 shows the results for the Type III 
ANOVA Relationship Analysis. There were no 
significant p-values which would indicated that a 
location or parameter was having an effect on 
Nitrite Concentrations within the stream. 
 
 
 
 
Estimate Std. Error t value Pr (˃ ǀtǀ)
Intercept 4.45E-01 3.83E-01 1.161 0.246
ID1 -1.05E-01 8.16E-01 -0.129 0.898
ID2 -6.35E-01 6.75E-01 -0.941 0.347
ID3 7.41E-02 7.72E-01 0.096 0.924
ID4 9.77E-01 7.95E-01 1.228 0.220
Temp 9.16E-05 8.40E-05 1.094 0.275
Flow -2.24E-06 1.93E-05 -0.116 0.908
Date -2.93E-10 2.54E-10 -1.153 0.250
Rain 2.34E-04 1.37E-03 0.171 0.865
ID1:Temp -3.11E-05 1.70E-04 -0.183 0.855
ID2:Temp -1.22E-04 1.54E-04 -0.795 0.427
ID3:Temp -4.34E-05 1.67E-04 -0.260 0.795
ID4:Temp 5.04E-05 1.67E-04 0.300 0.764
ID1:Flow 9.19E-06 3.40E-05 0.271 0.787
ID2:Flow 3.22E-05 5.12E-05 0.629 0.530
ID3:Flow -2.41E-06 4.33E-05 -0.056 0.956
ID4:Flow -4.25E-05 3.57E-05 -1.190 0.235
ID1:Date 6.97E-11 5.41E-10 0.129 0.897
ID2:Date 4.20E-10 4.48E-10 0.939 0.348
ID3:Date -4.77E-11 5.11E-10 -0.093 0.926
ID4:Date -6.42E-10 5.27E-10 -1.219 0.224
ID1:Rain -1.58E-03 2.70E-03 -0.586 0.559
ID2:Rain 3.59E-03 2.82E-03 1.275 0.203
ID3:Rain -1.31E-04 2.82E-03 -0.046 0.963
ID4:Rain 1.59E-03 2.91E-03 0.545 0.586
ANOVA Type III Relationship Analysis
Table 59. Nitrite ANOVA Type III Relationship 
Analysis 
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The ANOVA Type III Summary test, Table 60, 
the relationships those variables have with each 
location. As all the p-values are greater than 0.05, this 
indicates that all the slopes are similar.  
 
 
 
 
The Estimated Marginal Test (Least Squares Means Test), Figure 45, was utilized to test 
for any differences among locations in relation to Nitrite.  The analysis revealed that there were 
no differences among the locations for Nitrite. All locations were similar. The illustration below 
shows the similarity between locations. 
               
Figure 45. Nitrite Concentration Boxplot by Location 
 Figure 46-50 compare Total Nitrogen, Nitrate and Nitrite concentrations. Total Nitrogen 
concentrations decreased over time at every location. Nitrite showed no significant changes 
throughout the study, remaining steady from the headwaters of Mill Run to the confluence of 
French Creek and Woodcock Creek. The concentrations for Nitrate decreased over the period of 
Sum Sq F Value Pr(˃F)
ID 0.00014 0.5205 0.720702
Temp 0.00008 1.1979 0.274536
Flow 0.000009 0.0135 0.907545
Date 0.00091 1.3293 0.249746
Rain 0.000002 0.0291 0.864557
ID:Temp 0.000083 0.2998 0.878004
ID:Flow 0.00011 0.4005 0.808296
ID:Date 0.000141 0.5135 0.725882
ID:Rain 0.000244 0.8852 0.472922
Sum Sq-Type III Anova Test
Table 60. Nitrite ANOVA Type III Summary 
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this study for each location. There was no significant correlation between Nitrate and Total 
Nitrogen. 
 
Figure 46. Nitrate, Nitrite, and Total Nitrogen in Loc 1 
 
Figure 47. Nitrate, Nitrite, Total Nitrogen in Loc 2 
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Figure 48. Nitrate, Nitrite, and Total Nitrogen in Loc 3 
 
Figure 49. Nitrate, Nitrite, and Total Nitrogen in Loc 4 
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Figure 50. Nitrate, Nitrite, and Total Nitrogen in Loc 5 
  
DISCUSSION 
  Because the stream flows through all different areas within the city, one of the main 
concerns was that a true reading of what was occurring in each section of the stream would not 
be recorded.  However, consistent relationships with high water flows and high nutrient 
concentrations support data consistency but these samples only provide a snapshot of what is a 
occurring. A further study should include composite sampling (a continuous sampling process 
depending on flow rates). 
Higher trends in the amount of Total Phosphorus in the stream were observed during 
warm water periods than in cold. Higher spikes in Total Phosphorus were observed in wet 
weather versus dry, which would indicate that stormwater runoff could be a contributing factor 
to the amounts entering the stream. The means increased for each location as the study 
progressed. However, Location 5 on Woodcock Creek has the highest mean occur in dry 
weather.  
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The ANCOVA analysis for Phosphorus determined that Water Temperature, Flow and 
Date did have an impact on the amounts of Phosphorus entering the waterway. However, the 
ANOVA Type III test, Flow and Date both affected the locations. The highest concentrations 
seemed to be around April and May. This would be the approximate time frame that the spring 
thaw occurred. This could indicate a release of Phosphorus from the area due to snow melt 
combined with spring rains. Phosphorus is released from rocks due to weathering (Water 
Research Center). As Mill Run flows throughout the city, there are no private septic systems 
attached to this stream due to the city being containing a sewer system. Woodcock Creek has 
very few homes nearby that would have septic systems that eventually flowed to the stream. 
An Estimated Marginal Test was used to determine if the locations were significantly 
different from one another.  This test showed that Phosphorus was not significantly different 
across all locations. Throughout the study, there was an increasing upstream trend from Location 
to Location. So, the original hypothesis, that the amount of rain increased both Nitrogen and 
Phosphorus concentrations, proved to be false. Rain would increase the amount of Phosphorus 
but decreased the amount of Nitrogen. This is suggestive of stormwater runoff playing a 
significant factor in the amounts of Nitrogen and Phosphorus in the stream. 
Nitrogen can have many sources, from human impacts as well as natural. Nitrates turn to 
nitrogen during the denitrification process. Detritus from stormwater runoff and decomposition 
can bring excess nitrogen to the water. As this stream has no known industrial waste waters and 
this part of the city belongs to the city’s sewer system, the potential for nitrogen entering the 
stream could come from animal waste from pets and wildlife. This also applies to Woodcock 
Creek as well. Looking at the results from the seasonal comparisons, nitrogen numbers remained 
consistent throughout the study except for Location 1. As this is primarily forested and the mean 
drops significantly throughout the season for Location 1, this suggests that Nitrogen is entering 
the stream through human impacts. 
The amount of rain and precipitation did not have as large an influence on the amount of 
Nitrogen in Mill Run as originally hypothesized. Because of the additional rainfall, it seemed to 
work in the reverse and actually dilute the amount of Nitrogen that was in the water. However, 
July 4 results for Locations 2-4 showed that both Nitrate and Phosphorus reach high levels of 
concentrations. Over 2 inches of rain was received that day. Temperature played a larger factor 
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into how much Nitrogen was in the water, which was not anticipated.  Sources for Nitrogen 
could be from faulty “septic systems, animal feed lots, agricultural fertilizers, manure, industrial 
waste waters, sanitary landfills, and garbage dumps” (Minnesota Pollution Control Agency, 
2008).  While Mill Run was primarily residential and urban, potential sources of nitrogen could 
come from animal waste (pets) that ran off in rain events. Atmospheric deposition is also another 
cause for Nitrogen in the water (Environmental Protection Agency). Stream denitrification 
breaks down nitrates into nitrogen.  All the causes and sources listed above are areas where water 
can infiltrate and cause dilution. 
Surprisingly, the Estimated Margins tests showed that there were no significant 
differences between locations for Phosphorus, Nitrogen, Nitrate and Nitrite.  
The ANOVA test for Nitrite, showed that Nitrite did not differ significantly from one 
location to another. However, ANCOVA showed that Flow and Water Temperature were related 
to increases in Nitrite in the streams. Increasing Rain and Date were associated with decreases of 
the concentrations in the stream, possibly due to dilution.  
The ANOVA Type III test for Nitrate showed that Flow and Rain still had significant 
impacts on the amount of Nitrate that entered the location. Separately, Flow and Water 
Temperature were related to decreases in the amount of Nitrate in the stream while Date and 
Rain would cause increases in the stream. This would suggest that dilution does not affect the 
amount of Nitrate in the stream. Nitrates enter the stream from multiple sources, such as animal 
waste, soil content, stormwater, and other human impacts (Wheatly River Improvement Group).  
Nitrification could be a factor in dry weather because the substrate for Woodcock Creek is 
primarily medium-sized rock. This would allow a tumbling factor for the water to become 
aerated. 
Although the original hypothesis was that precipitation and location would play a part 
into the concentrations of nutrients entering the stream, the time of the year seemed to have more 
of an effect than precipitation/rain. It actually did the opposite.  Phosphorus and Nitrite would all 
increase as Flow increased but Nitrogen and Nitrate would decrease as Flow increased. 
Phosphorus, Nitrogen and Nitrate would all increase as the Date increased however, Nitrite 
would decrease as the Date increased. Phosphorus and Nitrate would all increase as the amount 
of Rain increased but Nitrogen and Nitrite would increase only when the amount of Rain 
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decreased. Finally, Nitrite would increase as the Water Temperature increased but Phosphorus, 
Nitrogen, and Nitrate would increase when the Water Temperature decreased. 
Understanding how nutrients are affected by the weather and by human impacts will go a 
long way into preventing them from entering the waterways. These nutrients can cause serious 
impacts. Understanding whether the residential area played a role in Nitrogen and Phosphorus 
entering the stream is important. We use fertilizers, which contain large amounts of Nitrogen and 
Phosphorus, for our lawns and for our gardens.  Fertilizers are an integral part of how we grow 
food.   
Preventing the fertilizers, and thereby preventing excess nutrients, from entering the 
streams and other bodies of water is key to sustaining a healthy water system. Understanding 
where all nutrients originate from will help guarantee cleaner and more sustainable streams and 
other bodies of water and ensuring the streams stay clean for future generations. 
 
CONCLUSION 
 This study was a snapshot in time. A longer study could be conducted to determine 
whether the patterns observed in this study are accurate or an anomaly for this year. Trends are 
determined over time, in a longer period containing years. 
 Phosphorus concentrations increased as the study progressed. Large spikes occurred in 
wet weather which would indicate that stormwater runoff increased the concentrations. The 
largest increase occurred in the Urban Zone. 
 Nitrogen did not have a significant change as the study progressed. Concentrations were 
higher in dry weather than they were in wet weather, which would indicate that rain actually 
diluted the concentrations rather than adding to them. Location 1(MARC-highly forested) and 
Location 2(Residential) had a slightly higher concentration than the other zones. 
 Nitrate had a higher mean in wet weather than it did in dry. Location 2 (Residential) and 
Location 4(Industrial) both had spikes occur in dry weather in the latter part of the study. 
Location 5(Woodcock Creek-highly forested) would spike in wet weather which would indicate 
that runoff contributed to the Nitrate concentrations in the stream. 
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 Nitrite had no overall trends but when broken down and analyzed according to the 
varying water quality parameters, there was a slight increasing trend in warm water versus cold. 
Location 2 and 3 spiked in dry weather while Location 1 spiked in wet weather. In the statistical 
analysis, there were no significant variables that influence nitrite concentrations. 
 The hypothesis for this study was that precipitation, land use and time of year play a large 
part in how nutrient concentrations enter Mill Run. Total Phosphorus was significantly affected 
by Location and Date Total Nitrogen was significantly impacted by Water Temperature and 
Date. Nitrate was significantly impacted by Water Temperature and Date. Nitrite was not 
impacted by any of the variables tested. Each of the variables tested in this study provided some 
impact on the stream. 
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